FREQUENCY MULTIPLIER 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a frequency multiplier. In 
particular , the invention relates to a frequency multiplier that 
is used in radio communication equipment and is capable of switching 
the output frequency. 

2. Description of the Related Art 

Nowadays , with the number of transmission carrier frequency 
bands increases for more effective use of frequencies , radio 
communication equipment such as cellular phones is increasingly used 
in such a manner that the carrier frequency is switched. Frequency 
multipliers also need to be used in such a manner that switching 
is made as appropriate among a plurality of frequencies 
(multiplication numbers ) , and are required to be able to switch the 
frequency easily. On the other hand, there are no bounds to the 
requirements of multi-functional ity and size reduction for equipment . 
In portable equipment such as cellular phones that are a typical 
example of radio communication equipment, because of its portability, 
not only reduction in the equipment size and weight but also reduction 
in the current consumption during a communication operation are an 
important performance index . 

In conventional radio communication equipment, to obtain a 
plurality of necessary frequencies, frequency multipliers having 
prescribed multiplication numbers, respectively, are incorporated 
for the respective frequencies or any of circuits shown in Figs. 
15 to 17 is used. 

Fig. 15 shows a frequency multiplier 100 according to a first 
conventional technique, which is constituted of a switch circuit 



110, a limiter amplifier 120, a bandpass filter (hereinafter 
abbreviated as BPF) 13 0, and an amplifier (hereinafter abbreviated 
as AMP) 14 0. 

An input frequency signal V rN having a frequency f is input 
to the switch circuit 110. Controlled by a control circuit (not 
shown), the switch circuit 110 switches as appropriate between a 
path for directly outputting the input frequency signal V IN as an 
output frequency signal V 0 ut and a path for multiplying the frequency 
by a prescribed multiplication number. The input signal V IN that 
has been input to the path for multiplying the frequency by a 
prescribed multiplication number is limited in voltage amplitude 
by the limiter amplifier 120 so as to be shaped into a 
pseudo-rectangular wave. The BPF 130 extracts a prescribed 
frequency component from harmonic components of the 
pseudo-rectangular wave. The extracted frequency component is 
amplified by the AMP 140, whereby an output signal V OU t having a 
frequency obtained by multiplying the prescribed multiplication 
number is produced. 

Fig. 16 shows a frequency multiplier 2 00 according to a second 
conventional technique, which is constituted of a switch circuit 
110 and a mixer circuit 150. 

As in the case of the first conventional technique, when input 
to the switch circuit 110, an input frequency signal V IN having a 
frequency f is subjected as appropriate to switching between a path 
for directly outputting the input frequency signal V IN as an output 
frequency signal V OU t and a path for multiplying the frequency by 
a prescribed multiplication number under the control of a control 
circuit (not shown). Having the mixer circuit 150, the path for 
multiplying the frequency by a prescribed multiplication number 
performs mixing processing on the two input frequency signals V IN . 



That is, the mixer circuit 150 mixes the two input frequency signals 
V IN having the frequency f with each other and outputs a resulting 
signal . 

Fig. 17 is a circuit diagram of a mixer circuit (frequency 
doubler circuit) 150A having a frequency multiplication number of 
2, which is an exampleof themixer circuit 150 inFig. 16. Transistors 
Q101 and Q102 constitute a first differential pair. Their emitter 
terminal connecting point is connected to the ground GND (ground 
voltage) via a current source 1100. The base terminals of the 
transistors Q101 and Q102 are DC-voltage-biased by a voltage source 
VB101 via respective resistors R101 and R102. An input frequency 
signal V IN is input to the base terminal of the transistor Q101. 
A capacitance C101 that is connected to the base terminal of the 
transistor Q102 is a grounding capacitance. 

Resistance elements R103 and R104 as loads are connected to 
the first difference pair, Q101 and Q102. The connecting points of 
the resistance elements are connected to a next-stage buffer section, 
which is constituted of a transistor Q103, a current source 1101, 
a transistor Q104 , and a current source 1102 . The collector terminals 
(output terminals) of the first differential pair, Q101 and Q102 
are connected to the base terminals of the respective transistors 
Q103 and Q104, whereby emitter follower circuits are formed. 

A third stage to which output signals of the buffer section 
constitutes phase shift sections . The output terminals of the buffer 
section, which is constituted of the transistor Q103, the current 
source 1101, the transistor Q104, and the current source 1102, are 
connected to two kinds of phase shift sections, that is, a phase 
advancing section that is provided with a capacitance C102, a 
resistance element Rl 05, a capacitance CI 03 , and a resistance element 
R106 and a phase delaying section that is constituted of a resistance 



element R107, a capacitance C104, a resistance element R108, and 

a capacitance C105, whereby a phase difference of 90° is obtained. 
The phase advancing section is also provided with a voltage source 
VB 102 between the connecting point of the resistance elements R105 
5 and RIO 6 and the ground GND. 

Output signals of the phase shift sections are input to a 
fourth-stage mixer section. Specifically, the output terminals of 
the phase advancing section that are the connecting point of the 
capacitance C102 and the resistance element R105 and the connecting 
10 point of the capacitance C103 and the resistance element R106 are 
connected to a second differential pair, Q106 and Q105 and a third 

(•-* 

p differential pair, Q107 and Q108 that have opposite input/output 

P 

Ifi relationships. The output terminals of the phase delaying section 

that are the connecting point of the resistance element RIO 7 and 
15 the capacitance CI 04 and the connecting point of the resistance element 

a R108 and the capacitance C105 are connected to a fourth differential 

p 

pi | pair, QUO and Q109 having the second differential pair, Q106 and 

\~ Q105 and the third differential pair, Q107 and Q108 as loads. The 

fa: 1 

□ second to fourth differential pairs are biased by a current source 

ru 

20 1103 and connected to load resistance elements R109 and R110. 

In the mixer section, the second differential pair, Q106 and 
Q105 and the third differential pair, Q107 and Q108 have opposite 
input /output relationships and input signals to the second 
differential pair, Q106 and Q105 and the third differential pair, 

25 Q107 and Q108 and input signals to the fourth differential pair, 

QUO and Q109 have a phase difference of 90°. Therefore, when the 
input signals to the second differential pair, Q106 and Q105 and 
the third differential pair, Q107 and Q108 have a peak voltage 
difference, the input signals to the fourth differential pair, QUO 
30 and Q109 have no voltage difference. Conversely, when the input 
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signals to the second differential pair, Q106 and Q105 and the third 
differential pair, Q107 and Q108 have no voltage difference, the 
input signals to the fourth differential pair, QUO and Q109 have 
a peak voltage difference. Therefore, an output signal of the mixer 
section is switched every half cycle of the input frequency signal 
Vin, whereby the frequency is doubled. 

However, in the frequency multiplier 100 according to the first 
conventional technique, when an input signal V IN having only a single 
frequency component originally is modulated into a rectangular 
waveform by the limiter amplifier 120, harmonic components included 
in the rectangular waveform are dominated by odd-numbered harmonic 
components. This results in a problem that even-numbered harmonic 
components such as a frequency-doubled component have low signal 
intensity and hence are hard to extract. 

Further, the BPF 130 is necessary to extract a prescribed 
frequency component . If the signal intensity of a frequency component 
to be extracted is insufficient, amplification by the AMP 140 is 
also needed. It is unavoidable that the circuit scale and the current 
consumption become large. This is problematic when the frequency 
multiplier 100 is applied to, for example, portable equipment such 
as cellular phones, because neither high-density mounting nor low 
power consumption can be attained. 

In the frequency multiplier 2 00 according to the second 
conventional technique, to obtain a frequency-doubled output 
frequency signal V OU t that is free of distortion, it is necessary 
to adjust the phase difference between output signals of the phase 
advancing section and those of phase delaying section correctly to 

90°. To this end, it is necessary to accurately realize characteristic 
values of the capacitances C102 to C105 and the resistance elements 
R105 to R108 that constitute the phase advancing section and the 



phase delaying section. However, a characteristic value of each 
element for realizing an optimum operation point of the mixer circuit 
15 OA is only one point. There are problems that designing work of 
determining element characteristic values is cumbersome and difficult , 
5 and that the output frequency signal V 0 ut deviates from the optimum 
state because of deviations of the element characteristic values 
due to dispersion in manufacture, differences in temperature 
characteristic, etc. of each element and it is difficult to maintain 
a correct output frequency signal V OU t over time and over differences 
10 in temperature characteristics. 

Further, in the frequency multipliers 100 and 200 according 
IZ to the first and second conventional techniques, the frequency of 

the output frequency signal V OU t is switched by switching the path 



asp? 

a 
in 

fU of the input frequency signal V IN by the switch circuit 110 . However, 



ry 15 the current that is consumed to drive the switch circuit 110 is not 
negligible. Thxs prevents reduction of the current consumption of 

a 

P the frequency multipliers 100 and 200 and hence is a problem. 



SUMMARY OF THE INVENTION 



a? I 

□ 

iy 20 The present invention has been made to solve the above problems 



in the related art, and an object of the invention is therefore to 
provide a frequency multiplier capable of switching as appropriate 
among frequency signals having frequencies obtained by multiplying 
prescribed multiplication numbers with low current consumption and 

25 a simple circuit configuration in effectively utilizing frequencies 
in radio communication equipment such as cellular phones. 

To attain the above object, one aspect of the invention provides 
a frequency multiplier comprising a phase shift section for generating 
at least one phase shift signal for a fundamental signal; a waveform 

3 0 combining section for generating a combined waveform by combining 
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the fundamental signal with the phase shift signal; and a comparator 
section for comparing the combined waveform with a comparison 
threshold value. 

In the above frequency multiplier, at least one phase shift 
signal generated by the phase shift section through phase shifting 
is combined with a fundamental signal by the waveform combining section. 
A resulting combined waveform is compared with the comparison 
threshold value by the comparator section , whereby an output frequency 
signal is obtained. 

To attain the above object, another aspect of the invention 
provides a frequency multiplier comprising a phase shift section 
for generating at least one phase shift signal for a fundamental 
signal; a level shift section for shifting amplitude levels of at 
least one of the fundamental signal and the phase shift signal; a 
waveform combining section for generating a combined waveform by 
combining the fundamental signal with the phase shift signal; and 
a comparator section for comparing the combined waveform with a 
comparison threshold value. 

In the above frequency multiplier, after the amplitude levels 
of at least one among a fundamental signal and at least one phase 
shift signal that has been generated by the phase shift section through 
phase shifting are shifted by the level shift section, the signals 
are combined together by the waveform combining section . A resulting 
combined waveform is compared with the comparison threshold value 
by the comparator section, whereby an output frequency signal is 
obtained. 

With the configuration having the phase shift section, the 
waveform combining section, and the comparator section, the frequency 
of an output frequency signal can be switched easily by switching 
between a state that at least one phase shift signal generated by 



the phase shift section through phase shifting exists and a state 
that such phase shift signals do not exist, without the need for 
complex processing of selecting and extracting a prescribed frequency 
component from a waveform such as a rectangular wave having harmonic 
5 components. Whereas some harmonic components are difficult to 
extract as a signal having a prescribed frequency because of low 
signal intensity, with the above configuration sufficiently high 
signal intensity can be secured and hence an output frequency signal 
having a prescribed frequency can be output reliably. 
1 0 The above and further ob j ect s and novel features of the invention 

will more fully appear from the following detailed description when 

p the same is read in connection with the accompanying drawings. It 

P 

is to be expressly understood, however, that the drawings are for 
the purpose of illustration only and are not intended as a definition 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a block diagram as a first principle diagram of the 



20 Fig. 2 is a block diagram as a second principle diagram of 

the invention ; 

Fig. 3 is a circuit block diagram of a frequency multiplier 
according to a first embodiment of the invention; 

Fig. 4 shows a frequency-multiplied waveform produced by the 
25 frequency multiplier of Fig. 3; 

Fig. 5 is a circuit diagram of a frequency multiplier as a 
more specific example according to the first embodiment; 

Fig. 6 shows a frequency-multiplied waveform produced by the 
frequency multiplier of Fig. 5 (VBll = VB12); 
30 Fig. 7 shows a frequency-multiplied waveform produced by the 
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frequency multiplier of Fig. 5 (VBll < VB12); 

Fig. 8 is a circuit block diagram of a frequency multiplier 
according to a second embodiment of the invention; 

Fig. 9 shows a frequency-multiplied waveform produced by the 
frequency multiplier of Fig. 8 (VB21 = VB22 = VB23 = VB24); 

Fig. 10 shows a frequency-multiplied waveform produced by the 
frequency multiplier of Fig. 8 (VB21 = VB22 = VB24 < VB23); 

Fig. 11 shows a frequency-multiplied waveform produced by the 
frequency multiplier of Fig. 8 (VB21 = VB24 > VB22 = VB23); 

Fig. 12 shows a frequency-multiplied waveform produced by the 
frequency multiplier of Fig. 8 (VB21 = VB23 = VB24 > VB22); 

Fig. 13 is a circuit block diagram of a frequency multiplier 
according to a third embodiment of the invention; 

Fig. 14 is a circuit block diagram of a frequency multiplier 
according to a fourth embodiment of the invention; 

Fig. 15 is a circuit block diagram of a frequency multiplier 
according to a first conventional technique; 

Fig. 16 is a circuit block diagram of a frequency multiplier 
according to a second conventional technique; and 

Fig. 17 is a circuit diagram of a mixer circuit (frequency 
doubler circuit) according the second conventional technique. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Frequency multipliers according to first to fourth embodiments 
of the present invention will be hereinafter described with reference 
to Figs. 3 to 14. Before describing the first to fourth embodiments , 
the principles of the first and second embodiments and those of the 
third and fourth embodiments will be described with reference to 
first and second principle diagrams, respectively. 

Fig. 1 is the first principle diagram. An input frequency signal 
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f IN having a frequency component is input to a circuit block that 
is constituted of a phase shift section 4 and a level shift section 
7. This circuit block generates, using the input frequency signal 
fi N as a fundamental signal, at least one signal in which the phase 
is shifted as appropriate, and shifts the amplitude levels of a desired 
one of the fundamental signal and the phase shift signal(s). As a 
result, there occurs a difference between peak/bottom voltages of 
the waveforms of the fundamental signal and the phase shift signal ( s ) . 
Either of the generation of a phase shift signal and the amplitude 
level shift may be performed first. Then, a wavef ormcombining section 
5 combines the fundamental signal with the phase shift signal(s) 
( these signals are denoted by LSf ) into a combined waveform Mf . Since 
the signal waveforms LSf having a phase dif f erence ( s ) that have been 
produced by the phase shift section 4 are combined with each other, 
the cycle of the combined signal waveform Mf becomes shorter in 
accordance with the number of waveforms LSf to be combined with each 
other. Further, since the amplitude levels of each signal waveform 
Lsf are shifted as appropriate, peak/bottom voltage values in each 
cycle have a dif f erence ( s ) . A comparator section 6 compares the 
combined waveform Mf with a comparison threshold value. Therefore, 
the frequency of an output frequency signal 

fouT can be switched in 

accordance with the number of phase shift signals that have been 
subjected to the combining, an amplitude level shift amount(s), and 
the comparison threshold value. 

With the above configuration having the phase shift section, 
the level shift section, the waveform combining section, and the 
comparator section, the frequency of an output frequency signal can 
be switched easily without the need for the complex processing of 
selecting and extracting a prescribed frequency component from a 
waveform such as a rectangular wave having harmonic components. 
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Whereas some harmonic components are difficult to extract as a signal 
having a prescribed frequency because of low signal intensity, with 
the above configuration sufficiently high signal intensity can be 
secured and hence an output frequency signal having a prescribed 
5 frequency can be output reliably. 

Fig. 2 is the second principle diagram. Before inputting to 
the frequency multiplier 1 of the first principle diagram, an input 
frequency signal f IN having a frequency component is input to a 
modulation section 8. A modulated signal waveform f ' IN produced by 
10 the modulation section 8 is input to the frequency multiplier 1. 
The modulation section 8 can switch the frequency arbitrarily before 
jj* the frequency switching in the frequency multiplier 1 . The modulation 
p section 8 may be an FM modulator or a V/F converter, for example. 

in 

fy With the above configuration, a signal having an arbitrary 

as 

iWi frequency produced from an input signal by the FM modulator or the 
* M V/F converter can be made an input signal of the frequency multiplier 

5 

P 1. Therefore, switching can be made to a signal having an arbitrary 

fU 

p frequency, which can be output as an output frequency signal. 

: tea 

pL? Specific embodiments will be described below. Fig. 3 shows 

2<5U a frequency multiplier 10 according to the first embodiment. The 
frequency multiplier 10 of Fig. 3 corresponds to the frequency 
multiplier 1 shown in the first principle diagram (Fig. 1), and is 
a circuit that converts an input frequency signal V IN into an output 
frequency signal whose frequency is the same as or two times the 
2 5 frequency of the input frequency signal V IN . A differential amplifier 
41, a full-wave rectifier 51, and a comparator 61 of the frequency 
multiplier 10 according to the first embodiment correspond to the 
phase shift section 4, the waveform combining section 5, and the 
comparator section 6, respectively, of the frequency multiplier 1 
30 shown in the first principle diagram. Further, a voltage bias section 
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71 that is connected to the two input terminals of the differential 
amplifier 41 corresponds to the level shift section 7. In the 
frequency multiplier 10 according to the first embodiment, level 
shifting is performed on an input frequency signal Vi N before it is 

5 subjected to phase shifting. 

The input frequency signal V IN is input to one input terminal 
of the differential amplifier 41 as a single-phase signal. A 
capacitance CI as a grounding capacitance is connected to the other 
input terminal of the differential amplifier 41. Voltage sources 
10 VB1 and VB2 of the voltage bias section 71 are connected to the 
respective dif f erential input terminals of the differential amplifier 

•J* 41. The dif f erential amplifier 41 has dif f erential output terminals , 

3 55? 

P from which differential output signals VS1+ and VS1- are output. 

m 

fy The dif f erential output signals VS1+ andVSl- are input to the full-wave 

33 

lfll rectifier 51 and is full-wave-rectified there. A resulting signal 
is output from an output terminal VMl as a single-phase signal. The 

5 

[3 term "full-wave rectification" as used here means full-wave 
p rectification performed by a bias circuit, etc. (not shown) by using, 
£J as a reference voltage level, the center level of the voltage range 
20W of the differential output signals VS1+ and VS1-. A 
full-wave-rectified signal VMl that has been produced by the full-wave 
rectification by the full-wave rectifier 51 in such a manner that 
the differential output signals VS1 + and VS1- are "folded" 
approximately at the center level of their amplitude levels is input 
25 to one input terminal of the comparator 61 . A reference voltage Vre F 
is input to the other input terminal of the comparator 61. A comparison 
result of the two input signals VMl and V REF is output as an output 
frequency signal V OU t- 

The first embodiment is directed to the case that the input 
3 0 frequency signal V IN is input to the one differential input terminal 
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of the differential amplifier 41 as a single-phase signal. However, 
the invention is not limited to such a case; for example , input 
frequency signals Vi N as differential signals may be input to the 
differential amplifier 41. In the latter case, the capacitance CI 
5 (grounding capacitance) that is connected to the other differential 
input terminal is not necessary. 

Fig. 4 shows input-output response waveforms in a case that 
a sinusoidal waveform such as a sine wave is input as an input frequency 
signal V IN . In the case of Fig. 4, the bias voltage values of the 
1 0 voltage sources VBl and VB2 are set at the same voltage . Differential 
output signals VS1+ and VS1- of the differential amplifier 41 have 
U opposite phases. A full-wave-rectified signal VMl produced by the 
full-wave rectifier 51 from the differential output signals VS1 + 
fU and VS1- has such a waveform as is obtained by "folding" the 
15y differential output signals VS1+ and VS1- approximately at the center 
^ level of the amplitude levels . Therefore, the oscillation frequency 

E3 is two times higher than the frequency of the input frequency signal 

fU 

[3 Vi N . By setting the reference voltage Vre F at a proper voltage level 
between the amplitude levels of the full-wave-rectified signal VMl, 

is=s? 

2 0 M the output frequency signal V OU t can be made a rectangular waveform 
having a desired high-level period and the same frequency as the 
frequency of the full-wave-rectified signal VMl. The output 
frequency signal V OU t thus obtained is a rectangular waveform whose 
frequency is two times that of the input frequency signal Vi N . 

25 Fig. 4 shows the input-output response waveforms in the case 

that the bias voltage values of the voltage sources VBl and VB2 are 
set at the same voltage. An offset voltage can be set between the 
differential output signals VS1+ and VS1- of the differential 
amplifier 41 by setting a difference between the bias voltage values 

30 of the voltage sources VBl and VB2 . This makes it possible to obtain 
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a full-wave-rectified waveform VM1 have alternate, different peak 
voltage values. By comparing such a full-wave-rectified waveform 
VMl with the reference voltage V REF in the comparator 61, the output 
frequency signal V OU t becomes such that a pulse occurs every other 
5 cycle of the full-wave-rectified waveform VMl . This will be described 
later in a more specific example of the first embodiment. 

The frequency multiplier 10 according to the first embodiment 
is such that differential output signals VS1+ and VS1- are input 
from the differential amplifier 41 to the full-wave rectifier 51 
1 0 and an output frequency s ignal V OU t having a double frequency is produced . 
If one of differential output signals VS1+ and VS1-, rather than 
^ both, is input to the full-wave rectifier 51, an output frequency 
k * signal V OU t having the same frequency as the frequency of an input 

in 

rU frequency signal Vi N can be obtained. Therefore, the frequency of 
l!py an output frequency signal V OU t can be switched between the frequency 
^ of an input frequency signal Vi N and its double frequency by switching 
P the input signals to the full-wave rectifier 51. 

p '• Fig. 5 is a circuit diagram of a frequency multiplier 10A as 

jU a more specific example according to the first embodiment. The 
frequency multiplier lOAof Fig. 5 is to switch as appropriate between 
an output frequency signal V 0 ut having the same frequency as the 
frequency of an input frequency signal V IN and an output frequency 
signal V OU t whose frequency is two times the frequency of the input 
frequency signal Vi N . Transistors Ql and Q2 having the same 

25 conductivity type and size constitute an input differential pair. 
The emitter terminal connecting point of the transistors Ql and Q2 
is connected to the ground GND (ground voltage) via a current source 
II. An input frequency signal V IN is input to the base terminal of 
the transistor Ql . A capacitance CI that is connected to the base 

30 terminal of the transistor Q2 is a grounding capacitance. Resistance 
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elements R3 and R4 having the same characteristic and size are also 
connected, as loads , to the input differential pair, Ql and Q2 . The 
connecting points of the resistance elements R3 and R4 and the 
transistors Ql and Q2 , that is, differential output terminals VS11 
5 and VS12 of the input differential pair, Ql and Q2 , are connected 
to the base terminals of next-stage transistors Q3 andQ4, respectively. 
The transistors Q3 and Q4 also have the same conductivity type and 
size. The transistors Q3 and Q4 constitute a emitter follower buffer 
circuits for receiving output signals of the input differential pair, 
10 Ql and Q2 , respectively. The transistors Ql to Q4 , the resistance 
elements R3 and R4 , and the current source II constitute a differential 
*Z amplifier section 41A, which is a specific example of the phase shift 

P section 4 of the frequency multiplier 1 shown in the first principle 

El 3 

fU diagram. 

lfy The base terminals of the input differential pair, Ql and Q2 

are DC-biased by voltage sources VBll and VB12 via resistors Rl and 
P R2 , respectively. The voltage sources VBll andVBl2 and the resistors 

ru 

Q Rl and R2 constitute a voltage bias section 71A, which is a specific 

in 

p example of the level shift section 7 of the frequency multiplier 

20^ 1 shown in the first principle diagram. 

The emitter terminals of the transistors Q3 and Q4 which 
constitute the buffer circuit are connected to the anode terminals 
of diodes Dl and D2 , respectively . The connecting point of the cathode 
terminals of the diodes Dl and D2 is connected to the ground GND 

25 via a resistance element R5 and also connected, as a full-wave 
rectification terminal VMll, to the next stage. The diodes Dl and 
D2 and the resistance element R5 constitute a full-wave rectifier 
section 51A, which is a specific example of the waveform combining 
section 5 of the frequency multiplier 1 shown in the first principle 

3 0 diagram. 



15 



The full-wave rectification terminal VMll is connected to the 
base terminal of a transistor Q5 . The transistor Q5 and a transistor 
Q6 that have the same conductivity type and size constitute a comparison 
differential pair. The emitter terminal connecting point of the 
5 transistors Q5 and Q6 is connected to the ground GND via a current 
source 12 . A reference voltage source Vref whose voltage is compared, 
by the comparison differential pair, Q5 and Q6, with a full-wave 
rectification signal VMll that is supplied from the full-wave 
rectification terminal VMll is connected to the base terminal of 
10 the transistor Q6. Resistance elements R6 and R7 having the same 
characteristic and size are connected, as loads, to the comparison 
S differential pair, Q5 and Q6 . The connecting point of the transistor 
jjjjj- Q5 and the resistance element R6 is connected to the base terminal 
fU of a transistor Q7 . The emitter terminal of the transistor Q7 is 

15y connected to the ground GND via a current source 13. The transistor 

id 

Q7 and the current source 13 constitute a buffer circuit, and their 

s 

P connecting point serves as an output terminal V OU t* The transistors 

p Q5 to Q7, the resistance elements R6 and R7 , the current sources 

in 

m 12 and 13 , and the reference voltage source Vref constitute a comparator 

Ri § 

20- section 61A, which is a specific example of the comparator section 
6 of the frequency multiplier 1 shown in the first principle diagram. 

Figs. 6 and 7 show input-output response waveforms in a case 
that a sinusoidal waveform such as a sine wave is input as an input 
frequency signal V IN . Fig. 6 corresponds to a case that the voltage 

25 sources VB11 and VB12 of the voltage bias section 71A produce the 
same bias voltage value (voltage VB11 = VB12). Fig. 7 corresponds 
to a case that the bias voltage value of the voltage source VB12 
is higher than that of the voltage source VB11 (voltage VB11 < VB12 ) . 

First, the input-output response waveforms shown in Fig. 6 

30 will be described. In the differential amplifier section 41A, 



16 



differential output signals VS11 and VS12 that are output from the 
differential output terminals VS11 and VS12 have opposite phases. 
Since the voltage sources VBll and VB12 of the voltage bias section 
7 1 A produce the same bias voltage value (VB11=VB12), the differential 
output s ignals VS 1 1 and VS 1 2 have the same voltage range . Specif ical ly , 
operating linearly , the input differential pair , Ql and Q2 and produces 
the differential output signals VS11 and VS12 by properly allocating 
an output current of the current source II to the transistors Ql 
and Q2 in accordance with the input frequency signal V IN . A peak 
voltage VI 1 has a maximum value when none of the bias current of 
the current source II flows through the transistor Ql or Q2, and 
is equal to a voltage value that is a supply voltage V cc minus a voltage 
drop across the resistance element R3 or R4 due to a current flowing 
through the transistor Q3 or Q4 via its base terminal . A bottom voltage 
VI 2 has a minimum value when all of the bias current of the current 
source II flows through the transistor Ql or Q2, and is equal to 
a voltage value that is the supply voltage V cc minus a voltage drop 
across the resistance element R3 or R4 due to the bias current of 
the current source II. 

The differential output signals VS11 and VS12 that have been 
buffered by the transistors Q3 and Q4 are input to the anode terminals 
of the diodes Dl and D2, respectively. The cathode terminals of the 
diodes Dl and D2 are connected to each other, and the differential 
output signals VS11 and VS12 that are input to the anode terminals 
have opposite phases . The diodes Dl and D2 are turned on alternately 
every half cycle, that is, a diode Dl or D2 that is supplied with 
one of the differential output signals VS11 and VS12 having a higher 
voltage level is turned on. A voltage that is lowered by the 
base-emitter forward voltage of the transistor Q3 or Q4 and the forward 
voltage of the diode Dl or D2 is output at the connecting point VMll 




of the cathode terminals. Therefore, one of the differential output 
signals VS11 and VS12 having a higher voltage level is output 
selectively, whereby a full-wave rectified signal VMll having a 
waveform obtained by "folding" the differential output signals VS11 
5 and VS12 approximately at the center level of the amplitude levels 
is output. The full-wave rectified signal VMll have a waveform that 
the bottom voltage is approximately equal to the "folding" voltage 
value of the full-wave rectification and the peak voltage value VI 3 
is equal to the peak voltage value VI 1 of the differential output 
10 signals VS11 and VS12 minus the base-emitter forward voltage of the 
transistor Q3 or Q4 and the forward voltage of the diode Dl or D2 . 

By setting the reference voltage Vre F at a proper voltage level 
□ between the amplitude levels of the full-wave-rectified signal VMll 
?ri thus obtained, the comparator section 61A can produce an output 
15^ frequency signal V 0 ut as a rectangular waveform having a desired 
rU high-level period and the same frequency as the frequency of the 
l~ full-wave-rectified signal VMll . Obtained from a waveform obtained 
if* by full-wave-rectifying the input frequency signal V IN that is a 
£3 sinusoidal waveform such as a sine wave, the output frequency signal 

in 

20p Vout is a rectangular wavef ormwhose frequency is two times the frequency 

ru 

of the input frequency signal Vi N . 

Next, the input-output response waveforms shown in Fig. 7 will 
be described. In the case of Fig. 7, the bias voltage value of the 
voltage source VB12 is set higher than that of the voltage source 

25 VB11 (VB11<VB12). The bias voltage difference (VB12-VB11) causes 
an offset current IOS between branch bias currents flowing through 
the transistors of the input differential pair, Ql and Q2 under the 
condition that the input differential pair, Ql and Q2 is in the linear 
operation range. Under the condition that the voltage difference 

30 (VB12 -VB11 ) exists, the branch current flowing through the transistor 
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Q2 is larger than that flowing through the transistor Ql by the offset 
current IOS. Therefore, the differential output signal VS11 shifts 
to the high-voltage side by a voltage drop across the load resistance 
element R3 due to a half of the offset current IOS flowing through 
5 it from the value of the case that the voltage sources VBll and VB12 
produce the same bias voltage value (VBll = VB12) . On the other hand, 
the differential output signal VS12 shifts to the low-voltage side 
by a voltage drop across the load resistance element R4 due to a 
half of the offset current IOS flowing through it from the value 
10 of the case that the voltage sources VBll and VB12 produce the same 
bias voltage value • The voltage value difference between the 
differential output signals VS11 and VS12 is equal to a voltage drop 

Ktsr 

p (R x IOS) across the load resistance element R3 or R4 (usually, the 
fU resistance elements R3 and R4 have the same resistance value; R3 
ltfl = R4 = R) that occurs when the offset current IOS flows through it. 
W One of the differential output signals VS11 and VS 12 having 

p a higher voltage level is selectively output from the diodes Dl and 
P D2 as a full-wave-rectified signal VMll. Therefore , the 
i2 full-wave-rectified signal VMll has a waveform obtained by " folding" 
2(SM the differential output signals VS11 and VS12 approximately at the 
center level of the voltage range. The full-wave-rectified signal 
VMll has a peak voltage value V13 that is equal to a peak voltage 
value of the differential output signal VS11 minus the base-emitter 
forward voltage of the transistor Q3 and the forward voltage of the 
25 diode Dl. That is, the full-wave-rectified signal VMl 1 has a waveform 
in which the bottom voltage is approximately equal to the "folding" 
voltage value of the full-wave rectification and a large arc including 
a peak corresponding to the peak voltage value of the differential 
output signal VS11 and a small arc including a peak corresponding 
30 to the peak voltage value of the differential output signal VS12 
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appear alternately. 

By setting the reference voltage Vref at a proper voltage level 
between the peak of the large arc corresponding to the differential 
output signal VS11 and the peak of the small arc corresponding to 
the differential output signal VS12, the comparator section 61A can 
produce an output frequency signal V 0U t as a rectangular waveform 
whose frequency is equal to a half of the frequency of the 
full-wave-rectified signal VM11 and that has a desired high-level 
period . The output frequency s ignal V OU t thus obtained is a rectangular 
waveform having the same frequency as the frequency of the input 
frequency signal Vi N . 

The above-described frequency multipliers 10 and 10A according 
to the first embodiment can easily switch the frequency of an output 
frequency signal V 0U t between a frequency f that is the same as the 
frequency of an input frequency signal V IN and a frequency 2f that 
is two times higher than the frequency f with such a simple circuit 
configuration that an offset voltage is set by means of the voltage 
bias section 71 or 71A for the basic circuit including the differential 
amplifier (section) 41 or 41A, the rectifier (section) 51 or 51A, 
and the comparator (section) 61 or 61A without the need for complex 
processing of selecting and extracting a prescribed frequency 
component from such a waveform as a rectangular wave having harmonic 
components. Since the rectifier (section) 51 or 51A 

full-wave-rectifies waveforms that are input thereto, it can easily 
generate a double-frequency component by cooperating with the 
comparator ( section ) 6 1 or 6 1 A as a next stage . Whereas it is difficult 
to extract a signal having a prescribed frequency from a waveform 
having harmonic components because of their low signal intensity , 
in the first embodiment sufficient signal intensity can be secured 
and an output frequency signal V OU t having a prescribed frequency 
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can be output reliably. 

A BPF and an AMP that are necessary to extract a signal having 
a prescribed frequency from harmonic components are not longer 
necessary. Since a frequency multiplier can be realized by the simple 
5 circuit configuration including the differential amplifier (section ) 
41or41A, the rectifier (section) 51 or 51A, the comparator (section) 
61 or 61A, and the voltage bias section 71 or 71A instead of a BPF 
and an AMP, high-density mounting and low current consumption that 
are indispensable for application to , for example, portable equipment 
10 such as cellular phones can be attained. 

It is not necessary to accurately determine and realize 
p characteristic values of capacitances and resistance elements for 
the purpose of obtaining a frequency-doubled output frequency signal 
^ Vout having no distortion. Therefore, designing work is simplified 

BSCS 

lj?y and the frequency is not varied by deviations of characteristic values 

lu 

a due to dispersion in manufacture of elements, differences in their 

E3 

sjj temperature characteristics , and other factors . It becomes possible 

E3 to keep producing a highly accurate output frequency signal V OU t in 

in 

p a stable manner. 

I'd 

2 0" As long as the reference voltage Vre F as the comparison threshold 

value in the comparator (section) 61 or 61A is located between the 
amplitude levels of a full-wave-rectified signal VM1 or VM11, the 
magnitude relationship between the voltage level of the reference 
voltage Vre F and that of the full-wave-rectified signal VM1 or VM11 

25 that is output from the full-wave rectifier (section) 51 or 51A as 
the waveform combining section 5 can be adjusted as appropriate by 
changing the reference voltage Vre F , whereby the frequency of an output 
frequency signal V OU t that is output from the comparator (section) 
61 or 61A can be switched to a desired value. 

30 Since no switch circuit or the like is needed to switch the 
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frequency of an output frequency signal V 0 ut*- current that is consumed 
conventionally for driving the switch circuit or the like no longer 
occurs and the current consumption in the circuit can be reduced 
as much. 

5 Further, switching between the operation that both of 

differential output signals VS1+ and VS1- are input to the full-wave 
rectifier 51 and the operation that only one of those is input to 
the full-wave rectifier 51 provides the same effect as switching 
between shifting the phase of a signal and not shifting it does. 
10 In this manner, the frequency of an output frequency signal V 0U t can 
be switched between the same frequency as the frequency of an input 
frequency signal Vi N and its double frequency. 

Fig . 8 is a circuit diagramof a frequency multiplier 20 according 
to a second embodiment of the invention. The frequency multiplier 
lSj 2 0 of Fig. 8 corresponds to the frequency multiplier 1 shown in the 
first principle diagram, and is to switch the frequency of the output 



□ 



W frequency signal V OU t among the same frequency as the frequency of 

fU 

P an input frequency signal Vi N to its quadruple frequency. A phase 



shift section 42, a level shift section 72, a full-wave rectifier 
2£)M section 52, and a comparator section 62 of the frequency multiplier 
2 0 according to the second embodiment correspond to the phase shift 
section 4, the level shift section 7, the waveform combining section 
5, and the comparator section 6, respectively, of the frequency 
multiplier 1 shown in the first principle diagram. 
25 An input frequency s ignal V IN is input , via a res is tance element 

R9, to the base terminal of a transistor Q9 that is biased by a voltage 
source VC2. The emitter terminal of the transistor Q9 is connected 
to the ground GND (ground voltage) via a current source 15, and its 
collector terminal is supplied with a supply voltage V cc * A 
30 combination of a transistor Q8 and a current source 16 and a combination 
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of a transistor Q10 and a current source 14 each of which is arranged 
in the same manner as the combination of the transistor Q9 and the 
current source 15 are provided between the supply voltage V cc and 
the ground GND. The base terminals of the transistors Q8 and Q10 
are biased by the voltage sources VC1 and VC2 via the resistance 
elements R8 and RIO, respectively. A capacitance C2 is provided 
between the base terminal of the transistor Q10 and the ground GND. 

The emitter terminals of the transistors Q8, Q9 , and Q10 are 
connected to a first input differential pair, Qll and Q12 , a second 
input differential pair, Q13 and Q14, a third input differential 
pair, Q15 and Q16, and a fourth input differential pair, Q17 and 
Q18. Specifically, the emitter terminal of the transistor Q8 is 
connected to the first input differential pair transistor Qll and 
the second input differential pair transistor Q13. The emitter 
terminal of the transistor Q9 is connected to the first input 
differential pair transistor Q12, the second input differential pair 
transistor Q14, the third input differential pair transistor Q16, 
and the fourth input differential pair transistor Q18. The emitter 
terminal of the transistor Q10 is connected to the third input 
differential pair transistor Q15 and the fourth input differential 
pair transistor Q17. 

The transistors of each of the first input differential pair, 
Qll and Q12 to the fourth input differential pair, Q17 and Q18 have 
the same conductivity type and size. Their emitter terminal 
connecting points are connected to the ground GND via respective 
current sources 17 to 110. The first input differential pair, Qll 
and Q12 and the second input differential pair, Q13 and Q14 are 
connected to common load resistance elements, and the third input 
differential pair, Q15 and Q16 and the fourth input differential 
pair, Q17 andQ18 are also connected to common load resistance elements . 



More specifically, the transistors Qll and Q13 are connected to a 
resistance element Rll, the transistors Q12 and Q14 are connected 
to a resistance element R12 , the transistors Q15 and Q17 are connected 
to a resistance element R15, and the transistors Q16 and Q18 are 
5 connected to a resistance element R16 . The resistance elements Rll , 
R12, R15, and R16 have the same characteristic and size. The input 
section of an input frequency signal V IN to the connecting points 
VS21, VS22, VS23, and VS24 of the load resistance elements Rll, R12, 
R15, and R16 and the differential input pair transistors constitute 
10 the phase shift section 42. 

The connecting points VS21 to VS24 are connected to one ends 
lZ of capacitances C3 , C4, C5, and C6, respectively. The other ends 
£3 of the capacitances C3 to C6 are connected to the base terminals 

En 

fU of transistors Q19 , Q20, Q21, andQ22, respectively, and also connected 

15y to voltage sources VB21 , VB22, VB23, andVB24 (connected to the ground 

^ GND) via resistance elements R13, R14, R17, and R18, respectively. 

5 

S3 Current sources 111 and 112 are connected to the emitter terminal 

ru 

p connecting point of a first level conversion differential pair, Q19 

i p 

?=I and Q2 0 and a second level conversion differential pair, Q21 and 
2<5 y Q22, respectively, and load resistance elements R19, R20, R21, and 
R22 are connected to their collector terminals. The capacitances 
C3 to C6 to the first level conversion differential pair, Q19 and 
Q20 and the second level conversion differential pair, Q21 and Q22 
constitute the level shift section 72. 
25 The collector terminals of the first level conversion 

differential pair, Q19 and Q20 and the second level conversion 
differential pair, Q21 and Q22 are connected, as output terminals, 
to the base terminals of next-stage transistors Q23, Q24, Q25, and 
Q26, respectively. The transistors Q23, Q24, Q25, and Q26 have the 
30 same conductivity type and size. The collector terminals of the 
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transistors Q23, Q24, Q25, and Q2 6 are supplied with the supply voltage 
V cc - The transistors Q23, Q24, Q25, and Q26 constitute emitter 
follower buffer circuits for receiving output signals of the first 
level conversion differential pair, Q19 and Q20 and the second level 
conversion differential pair, Q21 and Q22. The emitter terminals 
of the transistors Q23 to Q26 are connected to the anode terminals 
of diodes D3 , D4, D5, and D6 , respectively. The cathode terminal 
connecting point of the diodes D3 to D6 is connected to the ground 
GND via a resistance element R25 and also connected, as a full-wave 
rectification terminal VM2 , to the next stage. The buffer circuit 
to the full-wave rectification terminal VM2 constitute the full-wave 
rectifier section 52. 

The full-wave rectification terminal VM2 is connected to the 
base terminal of a transistor Q27 . The transistor Q27 and a transistor 
Q2 8 have the same conductivity type and s ize and constitute a comparison 
differential pair. The emitter terminal connecting point of the 
transistors Q2 7 and Q2 8 is connected to the ground GND via a vias 
current source 113. A reference voltage source V REF whose voltage 
is compared, by the comparison differential pair, Q27 and Q28, with 
a full-wave rectification signal VM2 that is supplied from the 
full-wave rectification terminal VM2 is connected to the base terminal 
of the transistor Q28. Resistance elements R23 and R24 having the 
same characteristic and s ize are connected , as loads , to the comparison 
differential pair, Q27 andQ28 . The connecting point of the transistor 
Q27 and the resistance element R23 is connected to the base terminal 
of a transistor Q29. The emitter terminal of the transistor Q29 is 
connected to the ground GND via a current source 114. The transistor 
Q29 and the current source 114 constitute a buffer circuit, and their 
connecting point serves as an output terminal V OU t- The full-wave 
rectification terminal VM2 to the output terminal V OU t constitute 



the comparison section 62. 

Figs. 9 to 12 show input-output response waveforms in a case 
that a sinusoidal waveform such as a sine wave is input as an input 
frequency signal V IN . Fig. 9 corresponds to a case that in the level 
shift section 72 the voltage sources VB21 to VB24 produce the same 
bias voltage value (voltage value VB21 = VB22 = VB23 = VB24 ) . Fig. 
10 corresponds to a case that in the level shift section 72 the voltage 
sources VB21, VB2 2, and VB24 produce the same bias voltage value 
and the bias voltage value of the voltage source VB23 is higher than 
that of the voltage sources VB21, VB22, and VB2 4 (voltage value VB21 
= VB22 = VB24 < VB23 ) . Fig. 11 corresponds to a case that in the 
level shift section 72 the voltage sources VB21 and VB24 produce 
the same bias voltage values , the voltage sources VB22 andVB23 produce 
the same bias voltage value, and the bias voltage value of the voltage 
sources VB21 and VB24 is higher than that of the voltage sources 
VB22 and VB23 (voltage value VB21 = VB24 > VB22 = VB23). Fig. 12 
corresponds to a case that in the level shift section 72 the voltage 
sources VB21, VB2 3, and VB24 produce the same bias voltage value 
and the bias voltage value of the voltage source VB22 is lower than 
that of the voltage sources VB21, VB23, and VB24 (voltage value VB21 
= VB23 = VB24 > VB22 ) . The individual cases will be described below. 

First , the input-output response waveforms shown in Fig. 9 
will be described . Signals that are output from the emitter terminals 
of the respective transistors Q8 to Q10 that constitute the input 
stage of the phase shift section 42 are as follows. The signal that 
is output from the emitter terminal of the transistor Q8 has a fixed 
value that is equal to the bias voltage of the voltage source VC1 
minus the base-emitter forward voltage of the transistor Q8 . The 
signal that is output from the emitter terminal of the transistor 
Q9 is a signal that is in phase with the input frequency signal V IN 



and has, as the center voltage, a voltage that is the bias voltage 
of the voltage source VC2 minus the base-emitter forward voltage 
of the transistor Q9. The signal that is output from the emitter 
terminal of the transistor Q10 is a signal that is phase-delayed 

5 from the input frequency signal V IN by 90° by the resistance element 
RIO and the capacitance C2 and has, as the center voltage, a voltage 
that is the bias voltage of the voltage source VC3 minus the 
base-emitter forward voltage of the transistor Q10. 

The emitter terminal of the transistor Q9 is connected to the 
10 first differential pair, Qll and Q12 to the fourth differential pair, 
Q17 and Q18 . Therefore, differential amplified signals of the signal 

u 

^ that is output from the emitter terminal of the transistor Q9 and 

fas? 

;3 is in phase with the input frequency signal V IN and the fixed signal 
fU that is output from the emitter terminal of the transistor Q8 or 

aixs 

15y the signal that is output from the emitter terminal of the transistor 

g Q10 and phase-delayed from the input frequency signal Vi N by 90° are 

O output from each of the first differential pair, Qll and Q12 to the 

p fourth differential pair, Q17 and Q18. 

in 

p More specifically, since the signal that is in phase with the 

26^ input frequency signal V IN and the fixed signal are input to the first 
differential pair, Qll and Q12 and the second differential pair, 
Q13 and Q14, a differential output signal VS22 has an inverted phase 
(phase: 180°) if the phase of a differential output signal VS21 is 
employed as a reference (phase: 0°). In contrast, the signal that 
2 5 is phase-delayed from the input frequency signal V IN by 90° is input 
to the base terminal of the transistor Q15 of the third differential 
pair, Q15 and Q16 and the base terminal of the transistor Q17 of 
the fourth differential pair, Q17 and Q18. Since inverted phases 
appear at the output terminals of a differential pair, a differential 
30 output signal VS23 that is phase-delayed by 270° (phase: 270°) is 



27 



obtained at the collector terminal of the transistor Q15 and Q17 
and a differential output signal VS24 that is inverted in phase (phase: 

90°) from the differential output signal VS24 is obtained at the 
collector terminal of the transistor Q16 and Q18. If the current 
sources 17 to 110 produce the same bias current value, since the 
load resistance elements Rl 1 , R12, R15, and Rl 6 have the same resistance 
value, the differential output signals VS21 to VS24 have the same 
peak/bottom voltage value as in the case of the frequency multiplier 
10A of the specific example according to the first embodiment. 

Then, the differential output signals VS21 to VS24 are 
level-shifted. To this end, the differential output signals VS21 
to VS24 are input to the base terminals of the transistors of the 
first level conversion differential pair, Q19 and Q20 and the second 
level conversion differential pair, Q21 and Q22 after their DC 
components are cut by the respective capacitances C3 to C6. The base 
terminals of the transistors of the first level conversion 
differential pair, Q19 and Q20 and the second level conversion 
differential pair, Q21 and Q22 are also connected to the voltage 
sources VB21 to VB24 via the resistance elements R13, R14, R17, and 
Rl 8 , whereby bias voltages are set . In the case of Fig . 9, the voltage 
sources VB21 to VB2 4 produce the same bias voltage value (voltage 
value VB21 = VB22 = VB23 = VB24 ) . Therefore, no offset occurs between 
the input signals to the base terminals of the transistors of the 
first level conversion differential pair, Q19 and Q20 and the second 
level conversion differential pair, Q21 and Q22. 

The four-phase differential output signals VS21 to VS24 that 
have been phase-shifted from each other by 90° by the phase shift 
section 42 (phase: VS21 = 0°; VS22 = 180°; VS23 = 270°; and VS24 = 
90°) are level-shifted by the first level conversion differential 
pair, Q19 and Q20 and the second level conversion differential pair, 
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Q21 and Q22, and then input, as level shift signals VLS21, VLS22, 
VLS23, and VLS24 , to the base terminals of the transistors Q23 to 
Q2 6 that constitute the buffer circuit of the full-wave rectifier 
section 52. Since the phases are inverted by the first level 
5 conversion differential pair, Q19 and Q20 and the second level 
conversion differential pair, Q21 and Q22, the level shift signals 
VLS21, VLS22, VLS23, and VLS24 have respective phases of 180°, 0°, 
90°, and 270° when the phase of the differential output signal VS21 
is used as a reference. The amplitude levels are determined by the 
10 current sources 111 and 112 and the load resistance elements R19 
to R2 2 . Receiving the four-phase signals that are deviated from each 

p other in phase by 90°, the diodes D3 to D6 perform rectification in 
such a manner as to trace one of the waveforms of the four-phase 
fU signals having a highest voltage value and thereby produces a 
l*y full-wave-rectified waveform VM2 . The full-wave-rectified waveform 
* y VM2 has a bottom voltage value that is approximately equal to the 

a 

P intersecting voltage of the four-phase waveforms minus the 

FU 

p base-emitter forward voltage of one of the transistors Q23 to Q26 

in 

m and the forward voltage of one of the diodes D3 to D6 and a peak 
2$^ voltage value V23 that is equal to a peak value of the voltages output 
from the first level conversion differential pair, Q19 and Q20 and 
the second level conversion differential pair, Q21 and Q22 minus 
the base-emitter forward voltage of one of the transistors Q23 to 
Q26 and the forward voltage of one of the diodes D3 to D6. 
25 It goes without saying that the first input differential pair, 

Qll and Q12 to the fourth input differential pair, Q17 and Q18 and 
the first level conversion differential pair, Q19 and Q20 and the 
second level conversion differential pair, Q21 and Q2 2 operate 
linearly . The maximum value of the peak voltage value and the minimum 
30 value of the bottom voltage value of each differential pair are the 
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same as described in the first embodiment. 

By setting the reference voltage Vre F at a proper voltage level 
between the amplitude levels of the full-wave-rectified signal VM2 
thus obtained, the comparator section 62 can produce an output 
5 frequency signal V OU t as a rectangular waveform whose frequency is 
equal to the frequency of the full-wave-rectified signal VM2 and 
that has a desired high-level period, as in the case of the first 
embodiment. The output frequency signal V 0 ut thus obtained is a 
rectangular waveform whose frequency is four times higher than the 
10 frequency of an input frequency signal Vi N that is a sinusoidal waveform 
such as a sine wave. 
J* Next, the input-output response waveforms shown in Fig. 10 

P will be described. The basic circuit operation is the same as 

rfl 

isr ■ 

fy described above with reference to Fig . 9 and hence will not be described . 
l|y The only condition that is different than in the case of Fig. 9 that 

Li 1 

b * the bias voltage value of the voltage source VB23 is higher than 

5 

P that of the other voltage sources VB21 , VB22, andVB24 (voltage value: 

ru 

p VB21 = VB22 = VB24 < VB23) . Therefore, among the level shift signals 

I r! 

VLS21, VLS22 , VLS23, and VLS24, the amplitude levels of the signal 

fas? 

20- VLS23 that is output from the transistor Q21 that is biased by the 
voltage source VB23 are shifted downward. 

Since the bias voltage value of the voltage source VB23 is 
set higher than that of the other voltage sources VB21, VB22, and 
VB24 (voltage value: VB21 = VB22 = VB24 < VB23), an offset current 

2 5 IOS occurs between branch bias currents flowing through the 
transistors of the second level conversion differential pair, Q21 
and Q22 under the condition that the bias voltage difference (VB23 
- VB24 ) is in the linear operation range of the second level conversion 
differential pair, Q21 and Q22 . Under the condition that the voltage 

30 difference VB23 - VB24 exists, the branch current flowing through 
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the transistor Q21 is larger than that flowing through the transistor 
Q2 2 by the offset current IOS. Therefore, the differential output 
signal VLS24 shifts to the high-voltage side by a voltage drop across 
the load resistance element R22 due to a half of the offset current 
5 IOS flowing through it from the value of the case that the voltage 
sources VB23 and VB24 produce the same bias voltage value (voltage 
value: VB23=VB24) . On the other hand, the differential output signal 
VLS23 shifts to the low-voltage side by a voltage drop across the 
load resistance element R21 due to a half of the offset current IOS 
10 flowing through it from the value of the case that the voltage sources 
VB23 and VB24 produce the same bias voltage value. The shift amount 

? Z AV of each of the differential output signals VLS23 and VLS24 is 
C3 equal to a voltage drop (Rx IOS)/2 across the load resistance element 

in 

ry R21 or R22 (usually, the resistance elements R21 and R2 2 have the 

=3 

llfj same resistance value; R21 = R22 = R) that occurs when a half of 

W the offset current IOS flows through it. 

P Among the four-phase level shift signals VLS21 to VLS2 4 that 

ru 

p are deviated from each other in phase by 90°, the level shift signal 

P VLS23 shifts to the low-voltage side by the amount AV. By making 

20U adjustments so that the peak voltage value of the level shift signal 

VLS23 as shifted by the amount AV minus the voltage drops across 
the transistor Q25, the diode D5, etc. is lower than the reference 
voltage V RE f/ the diode D5, etc. becomes lower than the reference 
voltage V REF , for the level shift signal VLS23 no inversion occurs 

25 in the output frequency signal V OU t in the comparator section 62. 
A full-wave-rectified signal VM2 is obtained based on the level shift 
signal VLS24 having a high peak voltage and the level shift signal 
VLS23 having a low peak voltage. The full-wave-rectified waveform 
VM2 has a bottom voltage value that is approximately equal to the 

3 0 intersecting voltage of the four-phase waveforms minus the 
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base-emitter forward voltage of one of the transistors Q23 to Q26 
and the forward voltage of one of the diodes D3 to D6 and a peak 

voltage value that is obtained by adding the shift amount AV of the 
level shift signal VLS24 to a voltage value V23 that is equal to 
5 a peak value of the voltages output from the first level conversion 
differential pair, Q19 and Q20 and the second level conversion 
differential pair , Q21 and Q22 minus the base-emitter forward voltage 
of the transistor Q23 or Q24 and the forward voltage of the diode 
D3 or D4. 

10 It goes without saying that the second level conversion 

differential pair, Q21 and Q22 in which the voltages at the input 

H; terminals have the difference operates linearly like the other 

P 

P differential pairs . The maximum value of the peak voltage value and 

PP5 

pi 3 the minimum value of the bottom voltage value of each differential 
l*f. pair are the same as described in the first embodiment. 
Lm It is the same as in the first embodiment that the comparator 

section 62 can produce an output frequency signal V OU t that is a 
rectangular waveform that is inverted with a desired high-level period 
in portions of the thus-obtained full-wave-rectified signal VM2 
2CU corresponding to the level shift signals VLS21, VLS22, and VLS24 
that exclude the level shift signal VLS23. Therefore, the output 
frequency signal V 0 ut thus obtained is a rectangular waveform whose 
frequency is three times higher than the frequency of an input frequency 
signal V IN that is a sinusoidal waveform such as a sine wave. 
25 Next, the input-output response waveforms shown in Fig. 11 

will be described. The basic circuit operation is the same as 
described above with reference to Fig . 9 and hence will not be described , 
The only condition that is different than in the case of Fig. 9 that 
the voltage sources VB21 and VB24 produce the same bias voltage value, 
30 the voltage sources VB22 and VB23 produce the same bias voltage value, 
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and the bias voltage value of the voltage sources VB21 and VB24 is 
higher than that of the voltage sources VB22 and VB2 3 (voltage value: 
VB21 = VB24 > VB22 = VB23 ) . Therefore, among the level shift signals 
VLS21 to VLS24, the amplitude levels of the signals VLS21 and VLS24 
5 that are output from the transistors Q19 and Q22 that are biased 
by the voltage source VB21 and VB24, respectively, are shifted 
downward. 

Since the bias voltage value of the voltage sources VB21 and 
VB24 is set higher than that of the voltage sources VB22 and VB23 
10 (voltage value: VB21 = VB24 > VB22 = VB23), an offset current IOS 
occurs between branch bias currents flowing through the transistors 
of the first level conversion differential pair, Q19 and Q20 and 
t between branch bias currents flowing through the transistors of the 
P second level conversion differential pair, Q21 and Q22 under the 
l§n condition that the bias voltage difference (VB21 - VB22, VB24 - VB23) 

ru 

p is in the linear operation range of the first level conversion 
|* differential pair, Q19 and Q20 and the second level conversion 



a differential pair, Q21 and Q22. Under the condition that the voltage 



m differences VB21 - VB22 and VB24 - VB23 exist, the branch current 



W the transistor Q2 0 by the offset current IOS and the branch current 



flowing through the transistor Q22 is larger than that flowing through 
the transistor Q21 by the offset current IOS. Therefore, the 
differential output signal VLS22 shifts to the high-voltage side 

25 by a voltage drop across the load resistance element R20 due to a 
half of the offset current IOS flowing through it from the value 
of the case that the voltage sources VB21 and VB22 for the first 
level conversion differential pair, Q19 and Q20 produce the same 
bias voltage value (VB21 = VB22) , and the differential output signal 

30 VLS23 shifts to the high-voltage side by a voltage drop across the 




flowing through the transistor Q19 is larger than that flowing through 
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load resistance element R21 due to a half of the offset current IOS 
flowing through it from the value of the case that the voltage sources 
VB23 and VB24 for the second level conversion differential pair Q21 
and Q22 produce the same bias voltage value (VB23 = VB24). On the 

5 other hand, the differential output signal VLS21 shifts to the 
low-voltage side by a voltage drop across the load resistance element 
R19 due to a half of the offset current IOS flowing through it from 
the value of the case that the voltage sources VB21 and VB22 for 
the first level conversion differential pair, Q19 and Q20 produce 
10 the same bias voltage value (VB21 = VB22), and the differential output 
signal VLS24 shifts to the low-voltage side by a voltage drop across 

■ ^ the load resistance element R22 due to a half of the offset current 

pas 

P IOS flowing through it from the value of the case that the voltage 



py sources VB23 and VB24 for the second level conversion differential 
ljifi pair Q21 and Q22 produce the same bias voltage value (VB23 = VB24) . 
^ The shift amount AV to the high-voltage side of each of the differential 

a 

P output signals VLS22 and VLS23 and the shift amount AV to the 

PU 

p low-voltage side of each of the differential output signals VLS21 
^ and VLS24 is equal to a voltage drop (R x IOS)/2 across the load 
20U resistance element R20, R21, R19, or R22 (usually, the resistance 
elements R19 to R22 have the same resistance value; R19 = R20 = R21 
= R22 = R) that occurs when a half of the offset current IOS flows 
through it. 

Among the four-phase level shift signals VLS21 to VLS24 that 
2 5 are deviated from each other in phase by 90° , the level shift signals 
VLS21 and VLS24 shift to the low- voltage side by the amount AV. On 
the other hand, the level shift signals VLS22 and VLS23 shift to 

the high-voltage side by the amount AV. By making adjustments so 
that the reference voltage Vre F is set between the peak voltage value 
30 of the level shift signals VLS21 and VLS24 as shifted by the amount 
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AV minus the voltage drops across the transistor Q23 or Q2 6, the 
diode D3 or D6, etc. and that of the level shift signals VLS22 and 

VLS23 as shifted by the amount Av minus the voltage drops across 
the transistor Q24 or Q25 , the diode D4 or D5 f etc., for the level 
5 shift signals VLS21 and VLS24, no inversion occurs in the output 
frequency signal V 0 ur in the comparator section 62. A four-phase 
full-wave-rectified signal VM2 is obtained based on the level shift 
signals VLS22 and VLS23 having a high peak voltage and the level 
shift signals VLS21 and VLS24 having a low peak voltage. The 
10 full-wave-rectified waveform VM2 has a bottom voltage value that 
is approximately equal to the intersecting voltage of the four-phase 
M' waveforms minus the base-emitter forward voltage of one of the 

□ transistors Q2 3 to Q2 6 and the forward voltage of one of the diodes 

rfl 

ph D3 to D6 and a peak voltage value that is obtained by adding the 

i « 
zss 

shift amount AV of the level shift signals VLS22 and VLS23 to a voltage 
LJ value V23 that is equal to a peak value of the voltages output from 

3 

p the first level conversion differential pair, Q19 and Q20 and the 

fu 

^ second level convers ion differential paxr , Q2 1 and Q22 when the voltage 
W sources VB21 to VB2 4 have no offset minus the base-emitter forward 

pas 
ass? 

20y voltage of the transistors Q23 to Q26 and the forward voltage of 
the diodes D3 to D6. 

It goes without saying that the first level conversion 
differential pair, Q19 and Q2 0 and the second level conversion 
differential pair, Q21 and Q22 in which the voltages at the input 

2 5 terminals have the difference operate linearly like the other 
differential pairs . The maximum value of the peak voltage value and 
the minimum value of the bottom voltage value of each differential 
pair are the same as described in the first embodiment. 

It is the same as in the first embodiment that the comparator 

30 section 62 can produce an output frequency signal 

Vqut that is a 
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rectangular waveform that is inverted with a desired high-level period 
in portions of the thus-obtained full-wave-rectified signal VM2 
corresponding to the level shift signals VLS22 and VLS23 . Therefore, 
the output frequency s ignal V OU t thus obtained is a rectangular waveform 
5 whose frequency is two times higher than the frequency of an input 
frequency signal V IN that is a sinusoidal waveform such as a sine 
wave. 

Next, the input-output response waveforms shown in Fig. 12 
will be described. The basic circuit operation is the same as 
10 described above with reference to Fig. 9 and hence will not be described . 
The only condition that is different than in the case of Fig. 9 that 
the voltage sources VB21 , VB23 , and VB24 produce the same bias voltage 
value and the bias voltage value of the voltage source VB22 is lower 
than that of the voltage sources VB21 , VB23, andVB24 (voltage value: 

15 VB21 = VB23 = VB24 > VB22) . Therefore, among the level shift signals 

u 

p VLS21, VLS22, VLS23, and VLS24, the amplitude levels of the signal 

jjj? VLS22 that is output from the transistor Q2 0 that is biased by the 

FU voltage source VB22 are shifted upward. 

fU Since the bias voltage value of the voltage source VB21 is 

20[~ set higher than that of the other voltage sources VB22 (voltage value: 
VB21 > VB22 ) , an offset current IOS occurs between branch bias currents 

ru 

p flowing through the transistors of the first level conversion 

m 

p differential pair, Q19 and Q2 0 under the condition that the bias 

ill 

voltage difference (VB21 - VB22) is in the linear operation range 
25 of the first level conversion differential pair, Q19 and Q20. Under 
the condition that the voltage difference (VB21 - VB22) exists, the 
branch current flowing through the transistor Q19 is larger than 
that flowing through the transistor Q20 by the offset current IOS. 
Therefore, the differential output signal VLS22 shifts to the 
30 high-voltage side by a voltage drop across the load resistance element 
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R2 0 due to a half of the offset current IOS flowing through it from 
the value of the case that the voltage sources VB21 and VB22 for 
the first level conversion differential pair, Q19 and Q20 produce 
the same bias voltage value (VB21 = VB22). On the other hand, the 
5 differential output signal VLS21 shifts to the low-voltage side by 
a voltage drop across the load resistance element R19 due to a half 
of the offset current IOS flowing through it from the value of the 
case that the voltage sources VB21 and VB22 produce the same bias 
voltage value. The shift amount AV to the high-voltage side of the 
10 differential output signals VLS22 and the shift amount AV to the 
low-voltage side of the differential output signals VLS21 are equal 
\* to a voltage drop (R x IOS)/2 across the load resistance element 
P R20 or R19 (usually, the resistance elements R19 and R20 have the 

m 

fU same resistance value; R19 = R20 = R) that occurs when a half of 

15y the offset current IOS flows through it. 
Ly Among the four-phase level shift signals VLS21 to VLS24 that 

s 

P are deviated from each other in phase by 90°, the level shift signal 



ru 



fg VLS21 shifts to the low-voltage side by the amount AV and the level 
shift signal VLS22 shifts to the high-voltage side by amount AV. 
20U No voltage shift occurs in the level shift signals VLS23 and VLS24. 
By making adjustments so that the peak voltage value of only the 
level shift signal VLS22 as shifted by the amount AV minus the voltage 
drops across the transistor Q24, the diode D4, etc. exceeds the 
reference voltage Vre F , for the level shift signals VLS21, VLS23, 
25 andVLS24, i.e., other than the level shift signal VLS22 , no inversion 
occurs in the output frequency signal V 0 ut in the comparator section 
62. A four-phase full-wave-rectified signal VM2 is obtained based 
on only the level shift signal VLS22 having a high peak voltage and 
the level shift signal VLS21 having a low peak voltage. The 
3 0 full-wave-rectified waveform VM2 has a bottom voltage value that 
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is approximately equal to the intersecting voltage of the four-phase 
waveforms minus the base-emitter forward voltage of one of the 
transistors Q23 to Q26 and the forward voltage of one of the diodes 
D3 to D6 and a peak voltage value that is obtained by adding the 

shift amount AV of the level shift signal VLS22 to a voltage value 
V23 that is equal to a peak value of the voltages output from the 
first level conversion differential pair, Q19 and Q20 and the second 
level conversion differential pair, Q21 and Q22 when the voltage 
sources VB21 to VB24 have no offset minus the base-emitter forward 
voltage of the transistors Q23 to Q26 and the forward voltage of 
the diodes D3 to D6. 

It goes without saying that the first level conversion 
differential pair, Q19 and Q20 in which the voltages at the input 
terminals have the difference operates linearly like the other 
differential pairs . The maximum value of the peak voltage value and 
the minimum value of the bottom voltage value of each differential 
pair are the same as described in the first embodiment. 

It is the same as in the first embodiment that the comparator 
section 62 can produce an output frequency signal V 0 ut that is a 
rectangular waveform that is inverted with a desired high-level period 
in portions of the thus-obtained full-wave-rectified signal VM2 
corresponding to the level shift signal VLS22 . Therefore, the output 
frequency signal V OU t thus obtained is a rectangular waveform whose 
frequency is the same as the frequency of an input frequency signal 
Vim that is a sinusoidal waveform such as a sine wave. 

The above-described frequency multiplier 2 0 according to the 
second embodiment provides the following advantages in addition to 
the advantages of the frequency multipliers 10 and 10A according 
to the first embodiment. The frequency multiplier 20 can easily 
switch the frequency of an output frequency signal V OU t among a frequency 
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f that is the same as the frequency of an input frequency signal 
V IN and frequency 2f, 3f, and 4f that are two times, three times, 
and four times higher than the frequency f with such a simple circuit 
configuration that an offset voltage is set independently in level 
5 shift signals VLS21, VLS22, VLS23, and VLS24 by means of the level 
shift section 72 and their amplitude levels are thereby adjusted 
for the basic circuit including the phase shift section 42, the 
full-wave rectifier section 52 , and the comparator section 62 without 
the need for complex processing of selecting and extracting a 
10 prescribed frequency component from such a waveform as a rectangular 
wave having harmonic components . Since the full-wave-rectification 
jj^ of waveforms that are input thereto is carried out by the full-wave 
C3 rectifiers 51 and 52, it can easily generate a double frequency 
rU component by cooperating with the comparator section 62 of next-stage. 
l$y Whereas it is difficult to extract a signal having a prescribed 
* y frequency from a waveform having harmonic components because of their 

a 

P low signal intensity, in the second embodiment sufficient signal 

ru 

p intensity can be secured and an output frequency signal V OU t having 
slj a prescribed frequency can be output reliably. 

qcs? 

2cN By constructing a phase advancing section or a phase delaying 

section in such a manner that it includes a capacitive load element 
or a inductive load element like the capacitance C2 in the phase 
shift section 42 functioning as the phase delaying section, phase 
shifting can easily performed on an input frequency signal V IN that 

25 is a fundamental signal. 

Since the switching of the multiplication number of the 
frequency of an output frequency signal V Q ut can be realized by the 
simple circuit configuration including the phase shift section 42, 
the full-wave rectifier section 52, the level shift section 72, and 

3 0 the comparator section 62 that set an offset independently in level 
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shift signals VLS21 to VLS24 and thereby adjust their amplitude levels 
instead of a BPF, an AMP, etc. that are necessary to extract a signal 
having a prescribed frequency from harmonic components , high-density 
mounting and low current consumption that are indispensable for 
5 application to portable equipment such as cellular phones can be 
attained. 

It is not necessary to accurately realize characteristic values 
of capacitance elements, resistance elements, etc. for the purpose 
of obtaining a frequency-doubled, tripled, or quadrupled output 
10 frequency signal V OU t having no distortion. Therefore, designing work 
is simplified and the frequency is not varied by deviations of element 
p characteristic values due to dispersion in manufacture of elements, 
P differences in their temperature characteristics , and other factors . 
fy It becomes possible to keep producing a highly accurate output 
15y frequency signal V OU t in a stable manner. 
^ Further, since no switch circuit or the like is needed to switch 

a 

E« the frequency of an output frequency signal 

Vout i current that is 

ru 

p consumed conventionally for driving the switch circuit or the like 
no longer occurs and the current consumption in the circuit can be 
20 y reduced as much. 

Fig. 13 shows a frequency multiplier 3 0 according to the third 
embodiment of the invention, in which an FM modulator 81 is disposed 
preceding stage of the frequency multiplier 1 shown in the first 
principle diagram. In the frequency multiplier 3 0 according to the 

2 5 third embodiment, the FM modulator 81 corresponds to the modulation 

section 8 of the frequency multiplier 2 shown in the second principle 
diagram. As for specific examples of the frequency multiplier 1, 
it may be the frequency multiplier 10 or 10A according to the first 
embodiment or the frequency multiplier 2 0 according to the second 

3 0 embodiment. A signal obtained by frequency-modulating an original 
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input frequency signal V IN with the FM modulator 81 is input to the 
frequency multiplier 10 , 10A, or 20 as an input signal V'i N . 

With this conf iguration, the conversion into an arbitrary 
frequency can be performed by the FM modulator 81 in addition to 
5 the frequency multiplication by the frequency multiplier 10 , 10A, 
or 20. Therefore , an output frequency signal V OU t can be produced 
by switching among signals having arbitrary frequencies. If this 
embodiment is applied to a case that an input frequency signal V IN 
has a particular frequency , frequency modulation can be performed 
10 on the input frequency signal V IN . 

Fig. 14 shows a frequency multiplier 40 according to the fourth 

H embodiment of the invention, in which a V/F converter 82 is disposed 

E3 

p preceding stage of the frequency multiplier 1 shown in the first 

EH 

pl 5 principle diagram. In the frequency multiplier 40 according to the 

15^. fourth embodiment, the V/F converter 82 corresponds to the modulation 

LJ section 8 of the frequency modulator 2 shown in the second principle 

2 

p diagram. As for specific examples of the frequency multiplier 1, 
^ it may be the frequency multiplier 10 or 10A according to the first 
LH embodiment or the frequency multiplier 2 0 according to the second 
20y embodiment. A signal obtained by converting an original input 
frequency signal Vi N having a prescribed voltage value with the V/F 
converter 82 is input to the frequency multiplier 10 , 10A, or 2 0 
as an input signal V' IN . 

With this configuration, the conversion of an input voltage 
25 signal into a signal having an arbitrary frequency can be performed 
by the V/F converter 82 in addition to the frequency multiplication 
by the frequency multiplier 10, 10A, or 20. Therefore, an output 
frequency signal V OU t can be produced by switching among signals having 
arbitrary frequencies. If this embodiment is applied to a case that 
3 0 an input frequency signal V IN has a particular voltage value, the 
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input frequency signal Vi N can be converted into a signal having an 
arbitrary frequency . 

The invention is not limited to the above embodiments . It goes 
without saying that various improvements and modifications are 
possible without departing from the spirit and scope of the invention. 

For example, although the first embodiment is directed to the 
case that the transistors Ql and Q2 having the same conductivity 
type and size constitute the input differential pair and the resistance 
elements R3 and R4 having the same characteristic and size serve 
as loads, imbalance may be introduced as appropriate between the 
transistors Ql and Q2 or the resistance elements R3 and R4 . 
Differential output signals can be given a voltage level difference 
by making a differential pair unsymmetrical in terms of the transistor 
size or the load resistance value* Therefore, it is possible to adjust 
the signal levels of differential output voltages as appropriate 
and thereby switch the frequency by switching the transistor size 
or the load resistance value as appropriate using a switch or the 
like or by employing active elements such as MOS transistors or bipolar 
transistors as load resistors and switching a load resistance value 
by properly adjusting, for example, a bias voltage of a gate terminal 
or a bias current flowing through a base terminal. 

Also in the second embodiment, as in the case of the first 
embodiment , differential output voltages can be given des ired voltage 
level differences by introducing imbalance among the transistors 
constituting the input differential pairs, Qll and Q12, to Q17 and 
Q18, the level shift differential pairs, Q19 and Q20, and Q21 and 
Q22, or the like or the resistance elements Rll, R12, R15, R16, and 
R19 to R22. It is also possible to switch the frequency by adjusting 
the signal levels of differential output voltages as appropriate 
by making proper adjustments using a switch or the like or a bias 



voltage or current. In the level shift section 72 of the second 
embodiment, the bias voltage values of the voltage sources VB21 to 
VB24 for applying bias voltages to the differential input terminals 
are adjusted as appropriate to switch the multiplication number of 

5 the frequency. However, the invention is not limited to such a case. 
The frequency of an output frequency signal V OU t can be switched by 
adjusting the voltage level of each differential output voltage by 
applying unsymmetrical weighting to the sizes of the transistors 
of a level shift differential pair, the load resistance values, or 
10 the like or by applying different manners of weighting to the bias 
current values or the load resistance values of two level shift 

l p« differential pairs, instead of or in addition to the adjustment of 

p the bias voltage values for the differential input terminals. 

py In the second embodiment, the frequency of an output frequency 

(33 

15^ signal V 0 ut is switched among the same frequency as the frequency 

Lu of an input frequency signal V IN and its double, triple, and quadruple 

P frequencies by generating four-phase signals that are deviated from 

f! I 

LS each other in phase by 90° based on the input frequency signal V IN . 

IH However, the invention is not limited to such a case. An output 

iJ 

2QU frequency signal V OU t whose frequency is an arbitrary multiplication 
number of times higher than the frequency of an input frequency signal 
V IN can be obtained by generating multi-phase frequency signals having 
arbitrary phase differences . For example , an output frequency s ignal 
Vqut whose maximum frequency is six times higher than the frequency 

25 of an input frequency signal V IN can be obtained by generating six-phase 

frequency signals that are deviated from each other in phase by 60°. 

The first to third embodiments are directed to the case that 
a sinusoidal signal such as a sine wave having a prescribed frequency 
is input as an input frequency signal V IN . However, the invention 
30 is not limited to such a case. Rather than sinusoidal waveforms, 
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waveforms having polygonal shapes such as triangular waves (e.g., 
a saw-tooth wave) may be input. In the latter case, output frequency 
signals V OU t having frequencies of different multiplication numbers 
can be produced without extracting harmonic components from an input 
5 signal. 

In the fourth embodiment, a signal having a prescribed voltage 
value is input as an input frequency s ignal Vi N . However , the invention 
is not limited to such a case. A modification is possible in which 
a current signal, rather than a voltage signal, is input and a 
10 current /voltage converter is disposed preceding stage of the V/F 
converter 82 or a current/frequency converter is provided instead 

i _L 

l~ of the V/F converter 82. 

P 

P. The first and second embodiments are directed to the case that 

m 

fU the reference voltage Vre F of the comparators 61, 61A, and 62 is a 
l|h fixed value. However, the invention is not limited to such a case. 
^ It is also possible to change themultiplication number of the frequency 

s 

P of an output frequency signal V OU t by ad justing the reference voltage 

p V REF as appropriate. For example, in the frequency multiplier 20 

54 according to the second embodiment, if the bias voltage value of 

ass 

2(fM the voltage source VB23 is higher than that of the other voltage 
sources VB21, VB22, and VB24 (voltage value: VB21 = VB22 = VB24 < 
VB23; see Fig. 10), a full-wave rectified signal VM2 is produced 
that is a waveform having three different peak voltage values that 
correspond to a level shift signal VLS23 that is shifted to the 

25 low-voltage side by a voltage AV, level shift signals VLS21 and VLS22 
having no level shift due to an offset between the transistors of 
a differential pair, and a level shift signal VLS24 that is shifted 

to the high-voltage side by the voltage AV. Therefore, by properly 
setting the reference voltage Vre F for the above peak voltage values, 
3 0 the same frequency as the frequency of an input frequency signal 
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V IN (VLS21 - a < Vref < VLS24 - a) , a triple frequency (VLS23 - a < 
V REF < VLS21 - a), and a quadruple frequency (V REF < VLS23 - a) can 
be obtained, where a is the base-emitter forward voltage of the 
transistors Q23 to Q2 6 plus the forward voltage of the diodes D3 
5 to D6. 

Although the first and second embodiments are directed to the 
case that an input frequency signal V IN is a single-phase signal, 
the invention is not limited to such a case. It goes without saying 
that differential input signals may be input to the input differential 
10 pair. 

A frequency multiplier capable of multiplying the frequency 

;?« by three or more can be constructed by providing two or more input 

p 

p differential pairs in the specific example of the first embodiment 

m 

«, and inputting frequency signals having prescribed phase differences 

as 

IS 5 : to the respective differential pairs. For example, two input 
[4 differential pairs are provided and frequency signals having a phase 

3 

P difference of 90° are input to the respective input differential pairs . 
Since each input differential pair can produce differential output 

1*0 signals having a phase difference of 18 0°, an output frequency signal 

P 

2 0y Vout having a quadruple frequency can be produced in the maximum case. 
Conversely, in the configuration of the second embodiment, it is 
also possible to produce an output frequency signal V OU t having a 
double frequency in the maximum case. 

The invention can provide a frequency multiplier capable of 

2 5 switching as appropriate among frequency signals having frequencies 
obtained by multiplying prescribed multiplication numbers with low 
current consumption and a simple circuit configuration in effectively 
utilizing frequencies in radio communication equipment such as 
cellular phones. 

30 
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